Photoproduct distribution in films of cinnamate polymers was analyzed to reveal the contribution of both photoisomerization and photodimerization to LC alignment photoregulation.
Photoproduct distribution in films of cinnamate polymers was analyzed to reveal the contribution of both photoisomerization and photodimerization to LC alignment photoregulation.
A polymethacrylate with o-cinnamate side chain displayed preferential formation of Z-isomer while the dimerization takes place more favorably for others including poly(vinyl cinnamate).
Based on the relationship between photoproduct distribution and liquid crystal photoalignment and on the reversibility of the photoinduced reorientation of a liquid crystal, it was concluded that the photoalignment results from the polarization photoisomerization of cinnamate residues in the same manner as that of photochromic moieties like azobenzenes whereas the (2+2) photodimerization plays a role in enhancing the thermal stability of the homogeneous photoalignment.
Introduction
A family of negative-working photoresists, polyvinyl cinnamates) (PVCi's), played a prominent and leading role in science and technology of photopolymers since their invention made four decades ago. [1] A novel optical property was introduced in a film of PVCi by irradiation with linearly polarized UV light to emerge optical anisotropy leading to polarization holography. [2, 3] Recent advances in polarization photochemistry of molecular and polymeric ultrathin films leading to orientational regulation of liquid crystal molecules has been taking a favorable turn of this type of conventional photoresists. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] It has been reported that the exposure of a thin film of PVCi and its derivatives to linearly polarized UV light induces a uniaxial reorientation of a liquid crystal (LC) layer. [14] [15] [16] [17] [18] [19] Physical measurement -Absorption spectra were taken on a diode array spectrometer of Hewlett Packard 8425A or a Hitachi 320 spectrometer. Polarized absorption spectra of polymer films were recorded on the diode array using a polarizer.
Spectral analysis -Thin films of cinnamate polymers were illuminated with 313 nm light to be subjected to UV spectrum measurement at intervals. Spectral alteration was analyzed to obtain photoproduct distribution by the procedure given by Reiser et al. [24] Molar extinction coefficients of both isomers of cinnamates attached to polymer backbones were of the corresponding low mass model compounds.
Photoalignment regulation -LC alignment was determined by irradiation of a thin film of a cinnamate polymer spin-cast on a quartz plate with polarized 313 nm-light, followed by fabrication of an LC cell filled with 4'-pentyl-4-cyanobiphenyl (SCB; TNI=35.4°C ) according to a capillary method using the plate and a quartz plate which is surface-modified with lecithin for a homeotropic alignment to be subjected to birefringence determination according to our reports. A dichroic aminoanthraquinone dye was used for the evaluation of LC alignment direction. PMCi. The riieta-isomer (m-PMCi) and the conventional photoresist (PVCi) behave in between.
Thirdly, the photodimerizability of o-PMCi is highly suppressed when compared particularly with PVCi and p-PMCi. This is due to steric hindrance induced by the lateral substitution of cinnamate residues.
It should be noticed here that the insolubilization of a film of a cinnamate polymer like PVCi is caused by UV-exposure energy of about a few mJ/cm2. The gelation starts to take place when one crosslinkage is formed between two polymer chains, and the crosslinkage number of, for example, ten leads a linear polymers to efficient insolubilization. [25] In other words, the photodimerization of only one percent or less of the cinnamate residue of polymerization degree = 1400 of PVCi brings about the photofunctionality of PVCi as a negative-working photoresist. As shown below, much larger exposure energy of linearly polarized light is required to display the emergence of optical anisotropy to trigger the photoalignment of LC molecules. This situation implies that the conventional photofunctionality of cinnamate polymers as photoresists differs essentially from the anisotropic characteristics caused by polarized-light irradiation.
Polarization Photochemistry
Prolonged irradiation of a thin film of PVCi with polarized UV light results in the emergence of dichroism although dichroic ratios, defined as DR=(A± -A. )/( A~ + A,), are 0.04 or less. Thin films of the polymethacrylates with cinnamate side chains shows also photodichroism upon polarized irradiation with 313 nm light. The results are presented in Fig. 3 
Conclusion
Photoproduct distribution in thin films of polymers with cinnamate side chains is markedly dependent on regioisomerism of the chromophores. UV irradiation of a film of a polymethacrylate (o-PMCi) with ortlio-cinnamate residues results predominantly in the geometrical E-to-Z photoisomerization, accompanied by the dimerization as a minor photoprocess while the latter takes place more favorably when films of p-PMCi and PVCi is subjected to UVillumination. Peculiar behavior of o-PMCi was again observed in the polarization photochemistry of its thin film. All polymers having cinnamate residues possess the photo-controllability to give a homogeneous LC alignment upon polarized UV irradiation. It has been concluded that the photoalignment of LC molecules is induced not by the axially selective photodimerization, but by the polarization EIZ photoisomerization of cinnamate chromophores, just as in the case of azobenzene polymers. The photodimerization contributes to the enhancement of thermal stability of LC photoalignment because of the suppressive effect of the crosslinked structure on the randomization of photochemically oriented chromophoric residues. Thin films of cinnamate polymers offer specific command surfaces with thermal stability.
